breath, obstructive sleep apnea, mouth breathing, daytime sleepiness and simple snoring. Complications such as hypertension, heart failure, nocturia, activity disorder or learning disorder can also develop. [3] [4] [5] Growth retardation is another possible complication due to increased energy consumption or decreased growth hormone secretion during sleep and pain or discomfort with eating due to inflammation and a narrow oropharyngeal space. [6] [7] [8] Because immune function or upper respiratory tract starts to decline after 3 years of age, adenotonsillectomy is thought to have no significant effect on the immune system. 9) So, tonsillectomy can be recommended as a first-line treatment in chronic cases. There have been many studies regarding the effects on growth pattern after childhood tonsillectomy, and some authors have reported that height and weight growth patterns normalized after tonsillectomy. [10] [11] [12] [13] However, there are few studies on the long-term effects on growth or presenting symptoms. Furthermore, it is also unclear impact on growth according to preoperative growth status. Therefore, the present study was conducted to evaluate the long-term effects of adenotonsillectomy on growth according to preoperative growth status and symptoms.
Subjects and Method

Patient population
We retrospectively reviewed the medical records of 138 consecutive patients whose age was 10 or less among the patients who underwent adenotonsillectomy due to frequent upper respiratory infection (URI) or sleep apnea from January 2009 to December 2009. We performed telephone-based survey about height and weight at 5 years after the surgery in 2014 after obtaining approval from the Institutional Review Board of Hanyang University Guri Hospital (HYGU-2016-7-014). Patients or their parents were also asked questions about frequency of upper respiratory infection, appetite and sleep apnea, and each parameter was scored using 5 verbal rating scale: absent (1), mild (2), moderate (3), severe (4), very severe (5) . Patients who were not available to contact for survey with incomplete medical record and who had other pediatric or psychiatric disease that can influence on growth from the time of surgery to survey were excluded. Finally, 104 patients completed questionnaire and they were enrolled in this study. All of the patients were ethnically Korean.
Analyzing procedures
Height and weight percentile were calculated using Pediatric and Adolescent Standard Growth Chart provided by Korean Centers for Disease Control. 14) Pre-operative and post-operative height and weight percentiles and presenting symptoms were analyzed to determine whether there was a change in growth and symptoms. We analyzed the change in height and weight percentile between the pre-operative and 5 years after surgery. Pre-operative growth status was also considered when comparing pre-operative and post-operative growth percentiles. To evaluate whether there were differences in growth according to pre-operative growth status, patients were divided into two groups: pre-operative height and weight percentile 50 or more and less than 50.
Statistical analysis
We used SPSS 22.0 software for Windows (IBM Corp., Armonk, NY, USA). Values are presented as mean±stan-dard deviation unless otherwise indicated. The paired t-test and student's t-test were used to evaluate differences. Differences were considered significant at p＜0.05.
Results
Patient population
The subjects included 62 males and 42 females. Mean age was 6.0±1.9 years (range, 3-10) and mean follow up period was 63 months (range, 61-68). Mean pre-operative height was 119.13±12.94 cm, and mean post-operative height was 155.29±12.38 cm. Mean pre-operative weight was 24.88± 8.47 kg, and mean post-operative weight was 46.32±11.55 kg. The most common presenting symptom was snoring or sleep apnea in a total of 92 patients (88.5%) with very severe (7 patients), severe (50 patients), moderate (21 patients), and mild (14 patients). Surgery was indicated in 12 patients (11.5%) due to frequent upper respiratory infection. But, many patients had 2 or more symptoms. Frequent upper airway infections and poor appetite were noted in 64 patients (61.5%) and 44 patients (42.3%), respectively.
Changes in symptoms
All of preoperative presenting symptoms -frequency of upper airway infection, poor appetite and sleep disordered breathing -were significantly improved after surgery (p＜ 0.001, p＜0.001, and p=0.002, respectively) ( Table 1) .
Changes in height percentile
The mean pre-operative height percentile was 53.56± 27.38, which significantly increased to 67.09±26.39 post-operatively (p＜0.001). In the subgroup analysis according to preoperative height percentile, height percentile increased significantly after surgery in patients who had a pre-operative height percentile below 50. But, body mass index (BMI) percentile did not show significant difference in these patients. The height percentile of patients who had pre-operative height percentile of 50 or greater also increased significantly after surgery and BMI percentile decreased in this group. Change in height percentile was greater in the group with pre-operative height percentiles below 50 compared to those with pre-operative height percentiles 50 or more (24.11± 21.95 vs. 5.77±21.91, p＜0.001, student's t-test) ( Table 2) . Values are presented as mean±standard deviation. * pre-operative weight percentile, † change in weight percentile between the pre-operative and post-operative periods
Changes in weight percentile
Mean pre-operative and post-operative weight percentile were not significantly different, but weight percentile change pattern was different according to preoperative weight percentile. Weight percentile increased significantly after surgery in patients with pre-operative weight percentiles below 50 by subgroup analysis. BMI percentile also significantly increased although it didn't reach statistical significance (35.50±25.56 to 45.50±23.76, p=0.060). However, in patients with a pre-operative weight percentile of 50 or greater, weight percentile and BMI percentile decreased significantly. Change in weight percentile was also greater in the group with pre-operative weight percentiles below 50 (Table 3) .
Discussion
There are many heterogeneous clinical manifestations of adenoid hypertrophy according to patient age, general condition, and nasopharynx size. The most common symptom is nasal obstruction, which can present as snoring or mouth breathing. Hypertrophied adenoids can also block the orifice of the Eustachian tube, resulting in inflammation in the middle ear, or obstruct normal ventilation of the paranasal sinuses, resulting in sinusitis. Thus, inflammatory conditions of the tonsils and adenoids tend to increase the frequency of infectious complications and the chance of contracting an upper airway infection. 1, 3, 5) Adenotonsillar hypertrophy also causes snoring or sleep apnea, which result in growth retardation. 6, 8, 15) Adenotonsillectomy has been considered most effective treatment for adenotonsillar hypertrophy and chronic tonsillitis. Adenotonsillar hypertrophy with obstructive sleep apnea, failure to thrive, upper airway blockage and dysphagia are mainly observed in pediatric patients and candidates for adenotonsillectomy. 16) Growth improvement in children after tonsillectomy and/ or adenoidectomy have been reported by several authors. In a study conducted in 29 children with obstructive adenotonsillar hypertrophy, increased weight and height standard deviation scores, energy intake and serum insulin-like growth factor 1 (IGF-1) were reported 6 months after adenotonsillectomy. 12) A retrospective study of 115 pediatric patients with sleep apnea or recurrent tonsillitis showed that the weight and body mass index gain after adenotonsillectomy was more effective in a younger age group, especially under the age of 6 years. 13) A prospective study in 22 patients to evaluate the effect of adenotonsillectomy revealed that children that underwent adenotonsillectomy had more height and weight gain after 6 months later. 10) Recently, Katz, et al. 11) conducted randomized controlled study to compare the effect on growth of adenotonsillectomy and watchful waiting in 464 children who had obstructive sleep apnea. Their results showed that adenotonsillectomy for children with sleep apnea results in significantly greater weight gain than watchful waiting 7 months after surgery. Growth improvement after adenotonsillectomy could be explained by several reasons including improvement of dysphagia, sleep apnea and increased growth hormone. In a study prospective study using questionnaire in 85 children who underwent tonsillectomy, swallowing related quality of life, ability to tolerate a regular diet and weight percentile for age were improved whether the reason they referred was dysphagia or not. 17) Conley, et al. 18) reported improved dysphagia and sleep apnea even in children with neurologically impaired swallowing using video swallow study, polysomnography and telephone survey. Improvement in sleep parameters including apnea/hypopnea index and minimum oxygen saturation after adenotonsillectomy in children with obstructive sleep apnea was also reported. 19) Furthermore, several studies showed that serologic changes after tonsillectomy or adenoidectmy. Increased IGF-1 mediating the anabolic effects of growth hormone and insulin-like growth factor-binding protein 3 (IGFBP-3) which is main binding protein of IGF-1 after tonsillectomy was reported. 20, 21) Reduction in tumor necrosis factor-α (TNG-α), proinflammatory cytokine, and increased CD4+/CD8+ T lymphocyte ratio after adenotonsillectomy was also reported. 22, 23) However, most of the studies on growth, symptom and laboratory changes after tonsillectomy included small number of patients and short-term follow-up periods, and there have been few studies on long-term effects on growth or symptom changes.
In this study, we analyzed long-term growth changes at 5 years after adenotonsillectomy. There were significant improvements in height percentile regardless of pre-operative height percentile. Furthermore, height percentile increase was greater in patients whose pre-operative height percentile was below 50. It might imply that the growth could be markedly improved after adenotonsillectomy in children having delayed growth due to adenotonsillar disease. Weight and BMI percentile were also increased in patients whose preoperative weight percentile was below 50. Interestingly, weight, and BMI percentile decreased in patients whose pre-opera-tive weight percentile was 50 or more. It can be assumed that some obese children subsequently lost their weight due to improvement of sleep-disordered breathing or decreased frequency of upper respiratory infections resulting in increased activity levels.
In the view point of preoperative symptoms, many patients had 2 or more preoperative symptoms although indication of surgery was snoring or sleep apnea in most cases. There were significant improvements in URI frequency and appetite as well as snoring or sleep apnea although preoperative presenting symptoms may be affected by many confounding factors for 5 years. We also analyzed the growth changes according to the presenting symptoms, but height percentile was significantly increased regardless of presenting symptoms.
This study has some limitations in this study. First, we investigated postoperative growth status and symptoms by telephone based survey instead of office based physical examination and survey. However, recall bias could be minimal because preoperative data was based on the medical records and the items surveyed using telephone were height, weight, and symptoms at the time of survey. Second, we assumed that children will remain on the same height and weight percentile unless they undergo adenotonsillectomy. There might be many confounding factors because the growth and symptoms could be influenced by various factors and we investigated the growth status 5 years later after surgery. However, this is an important study that showed long-term effect of adenotonsillectomy on growth because there is few study about longterm effect of adenotonsillectomy on growth.
In conclusion, adenotonsillectomy can improve snoring or sleep apnea, URI frequency and appetite for a long time. Furthermore, it has long-term positive effects on height growth in children with adenotonsillar hypertrophy. The impacts of adenotonsillectomy on growth are more prominent in patients who have lower height percentile preoperatively. Weight gain also can be expected in low-weight children before surgery.
